Controlled synthesis of pure and doped ZnS nanoparticles in weak polyion assemblies: growth characteristics and fluorescence properties.
A polyelectrolyte multilayer (PEM) fabricated by the layer-by-layer (LbL) self-assembly of weak polyions of polyacrylic acid (PAA) and polyallylamine (PAH) was applied as a matrix for the in situ nucleation and growth of pure and Mn-doped ZnS nanocrystallites. The nucleation and growth is initiated by the adsorption and binding of the metal ions to the ionized carboxylic groups of the weak polyions within the matrix, followed by the subsequent precipitation of semiconductor nanocrystallites with Na(2)S. Transmission electron microscopy (TEM), atomic force microscopy (AFM) and UV-vis spectroscopy were employed to establish the growth characteristics of the spherical ZnS nanocrystallites in the polyion matrix. The conformational arrangement of polyion chains induced by variation in the assembly pH is the key parameter that affects the structural and morphological characteristics of ZnS nanocrystallites. Repeating the reaction cycle resulted in an increase in the volume density of ZnS nanoparticles and further growth of the initially formed particles by the Ostwald ripening mechanism. The surface passivation of the ZnS nanocrystallites within the polyion matrix enables the enhanced radiative emission of ZnS composite films in the UV range, whereas by doping the ZnS, nanocrystallites show emission characteristic of the manganese ions in the visible region.